ABSTRACT
INTRODUCTION
Anthropologists, as well as cross-cultural psychologists, used to emphasize the cultural diversity and substantial impact of cultural institutions on individual psychology (Markus and Kitayama 1991) . But numerous findings in evolutionary psychology and behavior genetics suggested much more complicated perspective (Bouchard and Loehlin 2001; Buss 1991; Eysenck 1990; Manning and Fink 2011; Loehlin 1991; Norenzayan and Heine 2005; Plomin et al. 1994) . In line with them, the human nature and culture are interconnected. Universals in personality traits and behavior should not be ignored anymore.
The seminal work of McCrae and Costa (1997) conducted crossculturally reveal that personality trait structure is universal (although also see: Gurven et al., 2013) . These authors concluded that 'common dimensions of personality may thus provide a framework for understanding cultural differences ' (McCrae and Costa 1997: 509) . Personality traits are 'biologically-based tendencies', and they should not be mixed with attitudes and values, representing 'culturally-influenced characteristic adaptations' (Allik and McCrae 2004: 25) . Geographical grouping of cultures in scoring on values, as well as on self-reported personality traits were in similar directions (Schwartz 1999; Allik and McCrae 2004) . European cultures in general score high in affective and intellectual autonomy, and Asian cultures are high in conservatism and hierarchy (Schwartz 1999) , at the same time, Europeans score higher on Openness to New Experience (Allik and McCrae 2004) . Besides, Southern European cultures tend to score higher on Neuroticism than Northern European cultures.
Numerous studies show basic sex differences in behavior and personality traits. Females perform better in verbal tasks and natural language, whereas males are better in spatial and mathematical areas (see review: Levy and Heller 1992) . Males on average perform more physical aggression (Archer 2004; Baillargeon et al. 2007) , and predisposed to make moral, utilitarian decisions, whereas females are more emotional (Fumagalli et al. 2010; Youssef et al. 2012) . Great number of psychological survey studies provides evidence that women have higher scores on Neuroticism than men (Jorm 1987; Francis 1993; Lynn and Martin 1997, Butovskaya and Mkrtchan 2016) . Previous research on Big Five personality traits and sex differences in 26 different cultures has revealed that women score significantly higher on both Agreeableness and Neuroticism scales (Costa et al. 2001) . These results were later confirmed by other study in 55 different cultures (Schmitt et al. 2008) .
One of the most important sex hormones, which causes masculinization of human fetus, is testosterone (T). T is known to be produced by Leydig cells, testicular members, which have two population peaksone at early prenatal stage and one at puberty. Human testis first becomes recognizable between 7 th and 8 th weeks of gestation with Leydig cells producing T from the 8 th week (Lee and Burger 1983) . Research conducted by Codesal with colleagues on human aborted fetuses and stillborns showed that Leydig cells begin degenerate dramatically after 24th week of prenatal development with T level decreasing significantly up to the birth (Codesal et al. 1990) . Human brain begins to differentiate near 9 th week of gestation (Rice and Barone 2000; Lan et al. 2000) , thus the period of the T peak takes places at the time of early brain maturation, which plays important role in forming sexual dimorphism of human brain structures (Chi et al. 1977; Dubb et al. 2003; Cosgrove et al. 2007; Zuloaga et al. 2008) .
Second to forth hand digits ratio (2D:4D) is known to be fine predictor of prenatal sex hormone exposure in humans (see review: Hönekopp et al. 2007 ). This ratio shows sexual dimorphism in adults (with higher values in females). Study of Malas with colleagues on aborted human fetuses revealed that sexual differences in 2D:4D ratio is observed as early as at the 9 th week of gestation (with ratio significantly higher in females) and remain consistent through gestational age (Malas et al. 2006) . Several studies in humans report association between 2D:4D ratio after birth and the level of T and E in amniotic fluid during early prenatal development (Lutchmaya et al. 2004; Ventura et al. 2013) . Although number of studies found no correlation between 2D:4D ratio and hormone concentration in umbilical cord directly after delivery (Hickey et al. 2010; Hollier et al. 2015) , these findings cannot be interpreted as contradictive to results mentioned earlier, as umbilical cord method examine level of hormones in the late perinatal period, when T is significantly decreased compared to early prenatal levels. As has been reported 2D:4D ratio also shows no association with adult hormone levels (Hönekopp et al. 2007) .
One of possible ways of assessing prenatal sex hormones influence on behavior is to estimate it within each sex separately, where variation in hormone levels (as well as in 2D:4D ratios and behavior patterns) are also present. Thus one of the most important challengesgender-specific socialization influence -can be eliminated. This has already been a focus of many studies, hypothesizing that the higher is T exposure during prenatal development -the more masculine are the features and behavior in both (or in any of the) sexes. Numerous stu-dies have been conducted, resulting in supporting evidence, for instance: verbal IQ and Agreeableness were positively correlated with 2D:4D ratio in both sexes, whereas numerical IQ showed negative correlation (Luxen and Buunk 2005) , in several studies self-reported Physical Aggression was negatively associated with digit ratio in men and boys (Bailey and Hurd 2005; Hurd et al. 2011; Butovskaya et al. 2013) . Other authors revealed positive correlation between digit ratio and Neuroticism in women (Fink et al. 2004) and in men (Butovskaya and Mkrtchjan 2016) .
There is growing evidence that distribution of 2D:4D indexes over world human populations differs: Europeans have relatively high digit ratios both in men and in women (Manning and Fink 2011 ), African populations show broad variety of index values from very low (Zulus of South Africa, Igbos and Yorubas of Nigeria) (Manning et al. 2003; Gabriel et al. 2009) to almost of European level (Hadza of Tanzania) (Butovskaya et al. 2012 (Butovskaya et al. , 2015 . In the European part of Russia you can meet medium and high values, decreasing to the East in the people of Ural (Butovskaya et al. 2013) . Asian populations on average may have the lowest 2D:4D indexes, it was stated in Japanese and Koreans (Peters et al. 2002; Wakabayashi and Nakazawa 2010; Hiraishi et al. 2012) , but one should keep in mind that most of Asian studies have used indirect methods of measurement, which can provide lower digit ratio values (Manning et al. 2005) . Also one of the studies comparing Caucasian and Asian 2D:4D ratios using indirect method did not find any significant differences between these groups, stating relatively high overall values (Hurd et al. 2011) .
Direction of sex differences in digit ratio remains consistent all over the world.
Some researchers have already focused on cross-population comparison of personality traits with regard to national 2D:4D ratios. Manning and Fink have tested 23 European nations and US and revealed positive association between male national 2D:4D and average neuroticism (Manning and Fink 2011) .
Goals of the present study are to compare populations and test the correlations between 2D:4D ratios and personality traits in adult men of different origin (the Caucasians, people of Ural and Asians). Based on the results of previous studies we will focus on aggression, agreeableness and neuroticism as the most probable candidates for association with digit ratios (and supposedly, prenatal androgenization) in men.
METHODS

Participants
General male sample consisted of 263 men, 17-30 years of age. Among them 95 Armenians, 47 Russians, 70 Ob-Ugric and 51 Buryats.
The Buryats -are people of Southern Siberia, of Mongoloid origin. Nowadays most of them live in the Buryatian Republic of Russia (Baikal Lake area) -partly in urbanized environment of their native capital Ulan-Ude, and partly have traditional lifestyle in villages around (according to national population census 2010). Buryats are one of the few officially Buddhist peoples of Russia. In our sample majority of Buryats were temporally living in Moscow from 1 to 8 years.
Russians were mostly born in Moscow or nearby towns, with several exceptions.
Participants from these two groups had very heterogeneous professional activities and included both students of different specialties and people working in different fields.
Armenians are represented by students of humanitarian orientation, residents of Erevan (Armenia).
Ob-Ugric are people of Western Siberia, representatives of Ural race, transitional between Caucasians and Asians. They mostly live around Irtysh and Ob rivers in Khanty-Mansi Autonomous District. Our sample includes students of sports orientation, residents of Khanty-Mansiysk (Russia).
The overwhelming majority of our participants were single young men, with no children. All were native Russian speakers.
2D:4D measurements
Measurements of the 2 nd and 4 th digits length were made on both hands, directly, using electronic caliper with precision of 0.01 mm. We have measured the length from the basal crease to the tip of the finger without exerting pressure (Manning et al. 1998) , if there was a band of the creases at the base of the digit -the most proximal one was used (Fink et al. 2004) . Every digit was measured two times to reduce the error; finally we used the mean of two measurements. For various reasons digit measurements were not obtained from several participants, finally resulting in 246 subjects in general data set.
Personality tests
All subjects have completed two personality tests.
To assess aggressiveness we have applied Buss-Perry Aggression Questionnaire (AQ) (Buss and Perry 1992) , which provides four subscales: physical aggression, verbal aggression, anger and hostility.
The Big Five personality traits (Neuroticism, Extraversion, Openness to New Experience, and Agreeableness and Conscientiousness) were estimated through NEO Five-Factor Inventory (NEO-FFI) -shortened version with 60 questions.
AQ and NEO-FFI were translated into Russian. The questionnaires we completed in the presence of experimenter.
All participants provided written consent to personal data processing and using it for scientific purposes. All methods and procedures were approved by Ethical Committee.
Fig. 1. Population differences in digit ratio indexes on the right hand
RESULTS
Statistical analysis was held in R Statistics. Population differences for each single trait were assessed trough One-way Analysis of Variance (ANOVA). One-way Analysis of Covariance (ANCOVA) was used to control for additional trait and test factor/covariate interaction. Interaction between factor and covariate was not detected in any case. To implement pairwise comparison for population differences we have used Tukey post hoc test. Relationship between 2D:4D and personality traits were assessed through linear regression. When using multiple linear regression (MLR) all predictors in question were tested for collinearity. Age distribution was highly skewed, thus age differences were estimated through Kruskal-Wallis test.
Population differences
Differences between four study groups are summarized in Table 1 . 2D:4D ratios have demonstrated significant population differences (p < 0.001). Population 2D:4D on the right hand (R2D:4D) show predicted gradient with highest values in Armenians, followed by Russians and decreasing to the East with lowest values in Buryats. Armenians differ very significantly from all other given populations (p < 0.001 for all 3 cases), differences between Russians and Buryats can be treated as trend (p = 0.06), and Ugric population takes intermediate position between Russians and Buryats with no statistical significance in differences.
All four subscales of aggression have shown significant group differences (p < 0.001).
Two subscales (Physical Aggression (PA), Anger (AN)) have revealed similar distribution across four groups (Fig. 2) . Armenians and Ob-Ugric scored significantly higher (p < 0.0001 in all cases) than Russians and Buryats for PA and AN. Although our samples were restricted to 17-30 years, groups have significant differences in average age within this interval, with much younger men in majority of Armenians and Ob-Ugric than in Russians and Buryats (p < 0.001). Thus, population PA and AN differences could appear due to sample age differences. ANCOVA revealed that both age and ethnic group had significant general effects: for PA both age (F (1,216) = 24.83) and group (F (3,216) = 7.43) effects were at p < 0.001 (Fig. 3) , whereas for AN group effect was much more significant (F (3,216) = 6.13, p < 0.001) than effect of age (F (1,216) = 6.46, p < 0.05). For Hostility (HT) subscale population means distribution looked similar to those for PA and AN, but statistically only Armenians had significantly higher scores for Hostility than Russians (p = 0.0019) and Buryats (p = 0.0012). HT was more significantly influenced by age (F (1, 216) = 6.80, p < 0.01) than by ethnic group (F (3, 216) = 3.36, p < 0.05).
Verbal Aggression (VA) showed distribution of means across four populations similar to that of 2D:4D (Table 1) . VA population differences were significant only for Buryats in comparison to Russians (p = 0.0272), Ob-Ugric (p = 0.0083) and Armenians (p < 0.0001). Both group (F (3, 216) = 5.19) and age (F (1, 216) = 7.35) effects on VA were at p < 0.01.
The analysis of population differences in scores for NEO-FFI subscales revealed very significant difference for Openness to New Experience (ONE) (p < 0.001), with weak positive effect of age (F (1, 216) = 5.836, p < 0.05). Ob-Ugric population provided significantly lower scores for ONE compared to Armenians (p = 0.0126), Buryats (p = 0.0079) and Russians (p = 0.0003) (Tab. 1). Conscientiousness (CN) subscale revealed weak population differences (p < 0.05), with Russians providing significantly lower scores than Armenians (p = 0.0091) and Ob-Ugric (p = 0.0352). There was no age effect for CN subscale. Neuroticism (NT) had the highest scores in Armenians, but this result reached statistical significance only when comparing Armenians and Russians (p = 0.012), whose scores on NT differed considerably. Armenians and Russians also differed significantly in age, with Armenians younger on average. NT showed weak negative association with age (Simple Linear Regression (SLR), F (1, 222) = 3.93, R 2 = 0.08, B = -0.276, p < 0.05). Thus it is still difficult to derive certain conclusion, which factor played more important role in NT differences -age or ethnic group. Agreeableness and Extraversion were neither associated with ethnic group, nor with age.
2D:4D ratios and psychological traits
Values of tested variables were transformed to Z-scores for each population, and pooled for analysis. Thus we have analyzed not the absolute value of the trait, but its deviation from population mean. This approach allows eliminating noise of general population differences.
SLR revealed only one positive relationship: Agreeableness (NEO-FFI) was predicted by R2D:4D, but with low predictable power (F (1, 238) = 5.098, B = 0.144, R2 = 0.02, p = 0.025, N = 239) (Fig. 4,  left) . This effect was also consistent in all four groups separately (Fig. 4, right) . None of aggression subscales, as well as general aggression, showed any paired correlation with digit ratios on both hands. MLR revealed significant relationship between Agreeableness and R2D:4D controlling for general aggression (F (2, 233) = 10.87, R2 = 0.085, p < 0.001), with positive effect of digit ratios (B = 0.143, p = 0.023) and negative effect of aggression (B = -0.252, p < 0.001) (Fig. 5) . Two aggression subscales basically contributed to this relationship, which can be demonstrated in model with three predictors: Agreeableness is predicted by Verbal Aggression, 2D:4D and Hostility (F (3, 232) = 10.23, R2 = 0.12, p < 0.001) (Tab. 2). All correlations of personality traits with each other are represented in Table 3 . Pearson's correlation coefficients for all pairwise correlations, Bonferroni corrected. Correlations marked * P < 0.05, ** P < 0.01, *** P < 0.001; N = 261.
DISCUSSION
Our findings on population 2D:4D ratios differences support other data showing low average values for Asian populations (Peters et al. 2002; Wakabayashi and Nakazawa 2010; Hiraishi et al. 2012) , increasing in the populations to the West (Manning and Fink 2011; Butovskaya et al. 2013 ). Still we do not know whether these differences appeared due to genetic variation between populations in question, or they were a result of epigenetic environmental impact. These questions are opened for further investigation. More data for Asian populations should be provided in the future using direct method of measurement to come to more sound comparative conclusions. All aggression subscales were subjects to more or less significant negative age effect, with strongest for Physical Aggression (Fig. 3) . From one side these results are somewhat controversial to large scale longitudinal study revealing stability of aggressive traits over lifespan (Huesmann et al. 1984) , on the other hand there is also some evidence, that aggressive behaviors may decrease with age (Toldos 2005) . Males in all four cultures expressed more aggressive behaviors at the ages closer to puberty, than in more mature ages and these data are well associated with idea of young male syndrome (Wilson and Daly 1985) , demonstrated both for humans and many nonhuman primate species. Physical Aggression and Anger show high collinearity, whereas Hostility and Verbal Aggression have different distributions. This finding corresponds to previous evidence that Physical Aggression and Anger have common genetic basis, different from that of Hostility (Manuck et al. 1999) . Differences in Physical Aggression and Anger between four studied groups were highly significant, but provided pattern, which did not match population digit ratios means distribution, whereas matched perfectly samples age differences. Since both age and ethnic group effects appeared significant for Physical Aggression and Anger, it is still difficult to derive any certain conclusion about the nature of observed pattern.
In our study, significant ethnic differences were found for Openness to New Experience (highest in Russians), Conscientiousness (lowest in Russians), and Neuroticism (Armenians scoring higher than others). This was generally in line with earlier conclusions of McCrae with co-authors (McCrae et al. 2005: 410) , that 'European cultures differ systematically from Asian and African cultures, chiefly with respect Openness to New Experience scores, on which Europeans score higher. Southern European cultures tend to score higher on Neuroticism than Northern European cultures.
We have not found correlations of 2D:4D ratios and any of the aggression subscales. Although there is a number of studies revealing such kind of correlation (Bailey and Hurd 2005; Hurd et al. 2011; Butovskaya et al. 2013) , some also fail to (Butovskaya et al. 2012) . We suspect that such controversy in findings may also appear due to age effects, which may result in non-linear relationship between aggression and 2D:4D even in more-or-less standard age samples (18-30 years). We would recommend conducting similar studies with more accurate age limitations.
Digit ratios at the right hand have shown association with only one personality trait -Agreeableness, universally over four groups (Fig. 4) . R2D:4D effect explains around 2 per cent of Agreeableness variation. Such low predictability is not much surprising: human personality and behavior traits are such complex phenomena, that one can hardly assume that any of them can be sufficiently determined by a single factor, thus something around 2 per cent is already the evidence. Our findings correspond to previous report of Luxen and Buunk, who also have observed positive association of R2D:4D and self-reported Agreeableness within both sexes using the same direct method of digit ratios measurement (Luxen and Buunk 2005) . However, Fink with colleagues have reported negative correlation in women, whereas in men correlation was positive but not significant (Fink et al. 2004 ). This subject requires further investigation, but it may be hypothesized that the level of Agreeableness shows highest values in people with medium 2D:4D ratios across both sexes, such medium values may be quite high for males and quite low for females.
Besides, our study has revealed that males with lower R2D:4D tend to be less agreeable and more aggressive by self-reports. R2D:4D and aggressiveness explains around 10 per cent of Agreeableness variation, which is quite high for such kind of relationship (Fig. 4) .
We have not found significant association of Neuroticism with digit ratios. Nevertheless, our results do not contradict findings of Manning and Fink that nations with high male 2D:4D ratios have high scores for Neuroticism (Manning and Fink 2011) . In our study Armenians, who had significantly higher 2D:4D ratios than any other given population also had the highest mean values for Neuroticism.
Ob-Ugric population in our study scored significantly lower on Openness to New Experience than all other ethnic groups (Table 1) . Important limitations on this finding is that Buryats in our study were Moscow residents: meaning that these individuals needed to be opened to new experience enough to venture to leave their native lands for capital city. Probably, Buryats would score much lower if they were native-land people. The weak age effect also can play role in forming this kind of pattern.
Further research is required for amplification of obtained results.
